Summary .-Existing research suggests that adults make eff ective trustworthiness judgments based on facial attractiveness during initial interactions. However, little is known about how children judge trustworthiness from faces. The present study examined the facial features that contributed to judgments of trustworthiness and attractiveness by three groups of Chinese children aged 8 years old ( n = 34; 17 boys), 10 years old ( n = 34; 17 boys), and 12 years old ( n = 34 ; 17 boys) and a comparison group of 37 undergraduates ( M age = 20.2 yr.; 16 men). Using FaceGen Modeler 3.1, a total of 400 East Asian adult faces (200 male, 200 female) portraying neutral emotions with direct gazes were generated. The faces were represented by 61 shape features and were presented for a maximum of 3,000 msec. in the center of the computer screen in randomized order. The participants were asked to judge whether each person was trustworthy and to rate the level of trustworthiness; 1 month later, the attractiveness of the same faces was judged using a similar procedure. The children and the adults used similar facial features to judge trustworthiness (e.g., the brow ridge, nose, and chin). Some of the facial features used by the diff erent age groups as the basis for the trustworthiness and attractiveness judgments were similar. Facial attractiveness accounted for roughly 30 to 60% of the variance in the groups' trustworthiness judgments. Thus, facial attractiveness may serve as a heuristic property that signals trustworthiness and guides adaptive social decisions. More importantly, even children as young as 8 years old use a strategy similar to that of adults to make trustworthiness judgments, although some diff erences in the use of specifi c facial features were observed among the age groups.
When encountering strangers, people often form fi rst impressions based on physical appearance ( Zebrowitz, 2004 ) , and fi rst impressions are then used to make inferences about personality traits and responses ( Todorov, Mandisodza, Goren, & Hall, 2005 ; Ballew & Todorov, 2007 ; van't Wout & Sanfey, 2008 ; Antonakis, & Dalgas, 2009 ) . Trustworthiness is a fundamental dimension of judgment . Humans make decisions about trustworthiness highly effi ciently ( Winston, Strange, O'Doherty, & Dolan, 2002 ; Willis & Todorov, 2006 ; Engell, Haxby, & Todorov, 2007 ; van't Wout & Sanfey, 2008 ; Todorov, Pakrashi, & Oosterhof, 2009 ). Willis and Todorov (2006 ) reported that adults use facial appearance to make trustworthiness judgments within 100 msec., more quickly than they make judgments about other social traits such as competence, likeability, and aggressiveness.
Furthermore, adults show high agreement in their trustworthiness judgments of faces ( Zebrowitz, 2004 ; Rule, Ambady, Adams, Ozono, Nakashima, Yoshikawa, et al ., 2010 ; Xu, Wu, Toriyama, Ma, Itakura, & Lee, 2012 ; Rule, Krendl, Ivcevic, & Ambady, 2013 ) , suggesting that adults may rely on certain common facial properties to make trustworthiness judgments. The facial features used to judge whether a person is trustworthy are similar across raters of diff erent races (Todovor, Baron, & Oosterhof, 2008 ; Stirrat & Perrett, 2010 ; Xu, et al ., 2012 ) . These universal cues are the brow ridge (high/low), cheekbones (shallow/pronounced), chin (wide/narrow), and nose sellion (shallow/deep; .
Signifi cantly, trustworthiness judgments based on faces have been consistently associated with physical attractiveness ( Dion, 1973 ; Willis & Todorov, 2006 ; Xu, et al ., 2012 ) . The beautyis-good stereotype has been demonstrated in a variety of aspects of daily life. For example, compared with unattractive people, attractive individuals are assumed to have better personality traits, such as honesty and trustworthiness ( Dion, 1973 ; Eagly, Ashmore, Makhijani, & Longo, 1991 ; Langlois, Kalakanis, Rubenstein, Larson, Hallam, & Smoot, 2000 ) . These fi ndings suggest that the facial features that signal trustworthiness and attractiveness may overlap. Recently, Xu, et al . (2012 ) reported that similar to Caucasian adults, Chinese adults mainly use facial attractiveness to make trustworthiness judgments of Caucasian faces. However, little research has examined the origin of the use of these cues for trustworthiness judgments.
Evidence suggests that children make multidimensional judgments about social traits (e.g., trustworthiness, competence, dominance, and aggressiveness) based on the faces of unfamiliar adults ( Dion, 1973 ; Keating & Bai, 1986 ; Griffi n & Langlois, 2006 ; Antonakis & Dalgas, 2009 ; Vannatta, Gartstein, Zeller, & Noll, 2009 ; Short, Mondloch, McCormick, Carré, Ma, Fu, et al ., 2012 ) . Keating and Bai (1986 ) explored children's attributions of social dominance based on facial cues. They found that 4-to 7-year-old children responded to brow and mouth expressions in the same manner that adults did. Antonakis and Dalgas (2009 ) found that children aged 5 to 13 years use adult-like criteria to judge competence based on facial appearance. Extensive research has examined facial attractiveness as a basis for the formation of social judgments. Preschoolers are inclined toward attractive children as potential friends and exhibit a corresponding dis-like of unattractive children ( Dion, 1973 ) . Extensive evidence suggests that from an early age children exhibit clear preferences for attractive vs. unattractive faces, as judged by adults, and also use facial attractiveness to make social decisions (e.g., Cross & Cross, 1971 ; Dion, 1973 ; Langlois, Roggman, & Rieser-Danner, 1990 ; Langlois, Ritter, Roggmann, & Vaughn, 1991 ; Slater, Von der Schulenburg, Brown, Badenoch, Butterworth, Parsons, et al ., 1998 ) .
The ability to infer social traits is a crucial component of social functioning and development. Previous studies have mainly focused on the inference of social traits from facial appearance in infancy and early childhood, and whether this ability continues to develop beyond these ages remains unclear. School-age children are developing independence from their parents and have opportunities to participate in social activities on their own. The ability to infer trustworthiness from facial features may help children address threats and interact with others. In the present study, the similarities and diff erences in the facial features used as a basis for judgments about trustworthiness and attractiveness and the extent to which facial attractiveness signals trustworthiness were examined among three groups of children aged 8 to 12 years. Faces with neutral emotions were generated using FaceGen Modeler, and the children and a comparison group of adults were asked to rate the faces' trustworthiness and attractiveness. The specifi c facial features related to the trustworthiness and attractiveness judgments were identifi ed. Based on existing work related to social trait inferences in preschoolers, it was expected that school-age children would use the same diagnostic facial features that adults used to judge trustworthiness; namely, the brow ridge, chin, and nose . The relative contributions of attractiveness to judgments of trustworthiness among the diff erent age groups were assessed.
Hypothesis . Based on the beauty-is-good stereotype ( Eagly, et al ., 1991 ; Langlois, et al ., 2000 ) , facial attractiveness should account for signifi cant variance in children's judgments of the trustworthiness of novel faces.
METHOD

Participants
The sample consisted of 158 participants aged 8 to 20 years. Of the 158 individuals who were originally recruited, 20 were not included in the analysis because of incomplete data. The fi nal participant information is as follows: 34 8-year-olds ( M age = 8.0 yr., SD = 0.4; 17 boys), 34 10-yearolds ( M age = 10.1 yr., SD = 0.5; 17 boys), 34 12-year-olds ( M age = 12.1 yr., SD = 0.4; 17 boys), and 37 undergraduates who served as a comparison group ( M age = 20.2 yr., SD = 1.6; 16 men). The participants were all Chinese, and the majority of the sample (92%) was Han Chinese. The participants were from families of mixed socioeconomic backgrounds.
Materials
FaceGen Modeler 3.1 2 was used to generate emotionally neutral faces with direct gazes. A total of 400 neutral-emotion faces (200 male, 200 female) were randomly generated. All of the generated faces had the following characteristics: all face stimuli were East Asian to avoid possible race eff ects; the age of the faces was set to between 20 and 30 years of age; and to avoid the infl uence of symmetry on trustworthiness and attractiveness judgments, all faces were symmetrical. The FaceGen software provides numerical values for 61 features of each face (see Tables 1 and 2 and Facegen.com for a more complete description of each facial feature; Blanz and Vetter, 1999 ; Singular Inversions, 2006) . These procedures resulted in 400 bitmap stimulus face images with a resolution of 400 × 400 pixels ( Fig. 1 is an example).
Procedure
The participants sat in a comfortable chair facing a 14-in. computer screen on which the faces were displayed individually in the center against a black background using E-Prime software. The participants were told that they would be shown a series of faces and that their task was to judge how trustworthy (Session 1) and attractive (Session 2) each face was according to their fi rst impression. The faces were segmented by sex and counterbalanced so that half of the participants saw the 200 male faces fi rst, followed by the 200 female faces, and the other half of the participants rated the faces in the reverse order. Within each block, the presentation order of the faces was fully randomized. To avoid fatigue, there were four rest intervals during the testing.
Session 1: Face trustworthiness judgment .-Given the children's limited attention span, the rating procedure was simplifi ed as follows: The participants were asked to judge whether a face was trustworthy using a 3-point scale with the following anchors: 1, Untrustworthy; 2, Not sure; and 3, Trustworthy. Once the participants rated the face as untrustworthy (or trustworthy), they were then asked to rate the untrustworthiness (or trustworthiness) on a diff erent 3-point scale with the following anchors: 1, A little; 2, Quite; and 3, Very. Combining the two refi ned scales into a single overall rating scale created a score that ranged from -3: Very untrustworthy to 3: Very trustworthy, with 0 indicating neither untrustworthy nor trustworthy. Each face was presented in the center of the screen for 3,000 msec. ( Fig. 1 ) . The rating scale appeared under the face. There was no time limit for each trial; a trial was terminated when the participant made a choice by pressing the preset buttons on the keyboard. When a face was initially rated as Untrustworthy (or Trustworthy), a second screen with a question mark appeared, and the participants rated the face's untrustworthiness (or trustworthiness). However, if the face was rated Not sure, the trial ended immediately, and the participants judged the next face.
Before the ratings with the experimental stimuli, six practice trials were conducted with novel faces that were not shown during the actual experiment. All of the participants responded systematically during the practice trials and demonstrated that they understood the task. Then, the experimental trials began. The entire rating process lasted approximately 20 to 30 min., and mandatory breaks were scheduled after every 100 faces.
Session 2: Face attractiveness judgment .-The procedure for the attractiveness judgment was similar to that used for the trustworthiness judgment. The participants were instructed to judge facial attractiveness using a 3-point scale with the following anchors: 1, Unattractive; 2, Not sure; and 3, Attractive. The participants then rated either the unattractiveness or attractiveness of the face using another 3-point scale with the following anchors, 1: A little; 2: Quite; and 3: Very. Thus, combining the two refi ned scales into a single overall rating scale created a scoreranging from -3: Very unattractive to 3: Very attractive, with 0 indicating neither unattractive nor attractive.
All of the participants completed the trustworthiness judgments in the fi rst session and the attractiveness judgments in the second session to avoid the infl uence of the beauty-is-good stereotype. In addition, to avoid any possible infl uence of the trustworthiness judgments on the attractiveness judgments, the participants completed the two sessions one month apart.
RESULTS
Facial Cues Used for Trustworthiness Judgments
The inter-stimulus reliabilities of the trustworthiness judgments were computed within each age group and for adults and children separately. , 198 3, 194 2, 197 4, 195 Note .-The partial correlation coeffi cients of facial features are results in the fi nal accepted regression models, and partial correlation between each facial feature and the judgments signaled how much each feature could interpret the judgments independently. ‡ p < .001.
The Cronbach's α range was from .94 to .97 for all of the groups, indicating that both the children and the adults exhibited high reliability in their judgments.
The ratings of all of the participants were averaged to obtain the mean trustworthiness scores for each face. To assess the relationship between facial features and trustworthiness judgments, two analysis steps were performed separately for each of the four age groups. In the fi rst step, the correlations between the mean trustworthiness scores and each of the 61 shape features were computed separately for the male and female faces (see Todorov, et al .' s results section in study 1, 2008 ; Table 1 ). Only the closely related facial features were entered into the subsequent regression analyses to explore the potentially important predictors of facial trustworthiness judgments (| r | > .18, p < .01).
In the second step, linear regressions were performed. The facial features that were potential predictors were entered in a stepwise manner to decrease multicollinearity problems, and all possible models were processed with the probability of F -to-enter ( p = .05) and F -to-remove ( p = .10). Variance infl ation factors (VIF) were used to make the decision to delete variables with potential multicollinearity problems (VIF > 2) ( Das & Chatterjee, 2011 ; Xu, et al ., 2012 ) . Eight separate models were built on each age group's mean trustworthiness scores for the male or female faces. The results of the fi nal accepted models were all signifi cant. Table 2 shows that FIG. 1. An example of two trustworthiness judgment trials. Each face was presented at the center of the screen for 3,000 msec. The rating scale was under the face with word labels. There was no time limit for each trial, and it was terminated when the participants responded. If the face was rated as either untrustworthy or trustworthy initially, the second screen with a question mark appeared. The participants rated the extent of the face's trustworthiness or untrustworthiness. However, if the face was rated as not sure , the trial ended immediately, and the participants moved on to judge the next face.
all four age groups used a number of common and signifi cant facial features for trustworthiness judgments, but a number of the features used were also unique to the diff erent age groups. For the male faces, the children in general used facial features similar to those that the adults used to judge trustworthiness (e.g., the chin [shallow/deep], nose [short/long], and brow ridge [high/low]), except that among the 12-year-olds the brow ridge was not a signifi cant predictor of trustworthiness judgments. For the female faces, the adult comparison group perceived faces with shallower chins, taller foreheads, a higher inner browridge, and/or a longer nose bridge as more trustworthy. All of the children rated female faces with shallower chins more trustworthy. In addition, the 10-and 12-year-old children used the faces themselves (heavy/thin) as a unique facial cue for making judgments, and the 10-year-olds also used the faces themselves (heavy/thin) as a unique cue for trustworthiness judgments.
Facial Cues Used for Attractiveness Judgments
Within each age group, the inter-face reliabilities for the attractiveness judgments were computed separately for the children and the adults. The Cronbach's α range was from .97 to .98, indicating that both the children and adults showed high reliability in their judgments.
For each face, the ratings of all of the participants were averaged to obtain the mean attractiveness scores. To explore the relationships between facial features and attractiveness judgments, the same analyses that were used for the trustworthiness judgments were performed.
First, the correlations between the mean attractiveness scores and each of the 61 shape features were computed separately for the male and female faces ( Tables 3 ). Only the closely related facial features were entered into regression analyses to explore further the potentially important predictors of the facial attractiveness judgments (| r | > .19, p < .01). Then, eight stepwise regressions were based on the mean attractiveness scores; all of the possible models were processed with probability of Fto-enter ( p = .05) and F -to-remove ( p = .1). Variance infl ation factors (VIF) were used to delete variables with potential multicollinearity problems (VIF > 2) ( Das & Chatterjee, 2011 ; Xu, et al ., 2012 ) . The results of the fi nal accepted models were all signifi cant. Table 4 shows that all four of the age groups used a number of common and signifi cant facial features for the attractiveness judgments and that the diff erent age groups also used a number of unique features. For the male faces, in the adult comparison group, nose (bridge short/long), chin (shallow/deep), outer brow ridge (high/low), head (thin/wide), face (long/short), and temples (narrow/ wide) were signifi cantly related to attractiveness judgments; children in general used similar facial features as those used by adults, such as nose (bridge short/long), chin (shallow/deep), outer brow ridge (high/low); particularly among the 8-and 10-year-old children, face (long/short) was a unique predictor of attractiveness judgments. For the female faces, in the adult comparison group, faces with shallower chins, longer nose bridges, higher outer brow ridges, and shallower cheekbones were perceived as more attractive. All of the children used chin (shallow/deep) to judge attractiveness in the same manner that the adults did; in addition, the forehead and nose shapes were signifi cantly related to the attractiveness judgments of the 8-and 12-year-old children.
Relationships of the Facial Cues Used for Trustworthiness and Attractiveness Judgments
Direct comparisons of the results of the regression analyses revealed that each age group had some common and some unique facial features related to the trustworthiness and attractiveness judgments. For example, chin, nose, and brow ridge were closely related to almost all of the participants' judgments of the trustworthiness and attractiveness of the male faces. To directly explore the role of attractiveness, a typical integrity property of a face, in trustworthiness judgments, hierarchical regression analyses were performed; the mean trustworthiness scores were the predicted variable, and the attractiveness scores and other facial features were the potential predictors. The mean attractiveness scores were entered in the fi rst block, followed by all of the related facial features in a stepwise manner. Eight regressions were performed separately for the male and female faces for each age group. All of the fi nal regression models were signifi cant ( Table 5 ), and facial attractiveness accounted for substantial amounts of the variance in trustworthiness judgments. For the male faces, facial attractiveness accounted for 25% of the variance in trustworthiness judgments in the 8-year-old group, 36% in the 10-year-old group, 42% in the 12-year-old group, and 68% in the adult group. For the female faces, facial attractiveness accounted for 36% of the variance in trustworthiness judgments in the 8-year-old group, 32% in the 10-year-old group, 47% in the 12-year-old group, and 49% in the adult group. In addition to their contributions to facial attractiveness, diff erent unique facial features contributed to the trustworthiness judgments of each age group. For example, the inner brow ridge and nose were significant predictors of the trustworthiness judgments of the male faces for all age groups. For the female faces, in the adult group, the inner brow ridge , 198 3, 196 2, 197 4, 195 ‡ p < .001. and nose were also signifi cant predictors of trustworthiness judgments. The forehead shape was a signifi cant predictor of trustworthiness judgments only for the 10-year-old and adult groups. When attractiveness was controlled, the 10-year-olds used the chin and the 12-year-olds used the face itself as unique facial cues for making trustworthiness judgments. DISCUSSION Research suggests that adults use specifi c facial features to judge an unfamiliar person's trustworthiness Xu, et al ., 2012 ; Tsukiura & Cabeza, in press ). Using a model-based approach Carré, Morrissey, Mondloch, & McCormick, 2010 ) , the present study examined the similarities and diff erences in facial features related to trustworthiness and attractiveness judgments and the extent to which facial attractiveness signals trustworthiness to children. The facial cues used to judge the trustworthiness and attractiveness of male and female faces were systematically examined among children aged 8 to 12 years and a comparison group of adults.
Correlation and regression analyses indicated that the four age groups used both common and unique facial features to judge the trustworthiness of faces. Asian faces with shallower chins, higher browridges, and longer nose bridges were perceived as more trustworthy by the adult participants. The adults used the forehead as a unique feature to judge the trustworthiness of female faces. Although diff erences in the face stimuli employed limit the direct comparison of these results with those of previous studies Xu, et al ., 2012 ) , some facial cues used for trustworthiness judgments were consistent. For example, combined with Todorov, et al .'s fi ndings, the present results for the adults provide some evidence that the chin, nose, and brow ridge may be diagnostic facial cues for trustworthiness judgments regardless of the race and sex of the presented face stimuli.
Among the children, all but the 12-year-olds used the chin (shallow/ deep), nose (short/long), and brow ridge (high/low) for trustworthiness judgments of male faces. All of the children rated female faces with shallower chins as more trustworthy. Like the adults, the 10-year-olds used the forehead (tall/short) for trustworthiness judgments, and the 10-and 12-year-olds perceived women with heavier faces as more trustworthy. The diff erences in the specifi c facial cues used by children and adults when making trustworthiness judgments may refl ect diff erences in their experiences with adult faces. Young children's judgments are infl uenced by their daily exposure to the faces of their age-mates. For example, women with round faces were perceived as more trustworthy by children, consistent with previous fi ndings that 4-and 9-year-olds rated faces with younglooking features as more attractive, whereas 12-year-olds rated average-looking faces as more attractive according to the same pattern that adults used ( Cooper, Geldart, Mondloch, & Maurer, 2006 ) . However, as Keating and Doyle (2002 ) suggested, modifying one facial feature can alter the spatial arrangements among all features, which may in turn aff ect impressions. Thus, when exploring trustworthiness judgments based on faces, it is more important to examine combinations of facial features than individual cues ( Zebrowitz & Montepare, 2008 ) . Recently, research has consistently reported that the male facial width-toheight ratio, which is positively associated with testosterone, is correlated with aggressive or threatening behavior ( Carré & McCormick, 2008 ; Carré, McCormick, & Mondloch, 2009 ; Carré, et al ., 2010 ) . Notably, trustworthiness ratings are negatively correlated with ratings of aggressiveness ( Carré, et al ., 2009 ) . The current fi ndings indicate that most of the facial features that were related to the trustworthiness judgments of male faces, such as the nose or nose bridge (short/ long), brow ridge (high/low), and chin (shallow/deep), are also components of the facial width-to-height ratio. However, for female faces, most of the facial cues related to trustworthiness judgments (such as the chin, forehead, and the face itself) seem to be components of the "babyface" schema: a previous study indicated that faces with a higher brow ridge, a smaller chin, and/or a higher forehead were perceived as more babyfaced and were rated as more honest, which is a component of trustworthiness ( Montepare & Zebrowitz-McArthur, 1989 ; Montepare & Zebrowitz, 1998 ; Keating, 2002 ; Zebrowitz & Montepare, 2008 ) . Additionally, female facial anatomy tends to be more babyish than male facial anatomy ( Friedman & Zebrowitz, 1992 ) . Thus, the trustworthiness judgments of female faces may be related to ratings of their "babyfaced" quality, and this association needs to be explored further.
For attractiveness judgments, the analyses also indicated that the four age groups used both common and unique facial features. The present work adds to evidence that children judge facial attractiveness or unattractiveness in a manner similar to that of adults (e.g., Dion, 1973 ; Slater, et al ., 1998 ) . More importantly, trustworthiness judgments are positively associated with facial attractiveness during childhood and are consistent with previous studies of adults ( Willis & Todorov, 2006 ; Xu, et al ., 2012 ) . To directly test the extent to which facial attractiveness determines trustworthiness judgments, regression analyses were applied; the results indicated that facial attractiveness accounted for substantial amounts of variance in the trustworthiness judgments for all age groups. These fi ndings corroborate and extend recently published fi ndings on adult participants ( Xu, et al ., 2012 ) . Recently, Xu, et al . (2012 ) reported that both Caucasian and Chinese participants use facial attrac-tiveness as a cue for judging the trustworthiness of Caucasian males. Similarly, the current fi ndings suggest that, like adults, children aged 8 to 12 years also judge the trustworthiness of unfamiliar faces using facial attractiveness as a shortcut. Furthermore, and consistent with existing research, the present work provides further evidence that children make social trait judgments based on facial appearance, much as adults do ( Dion, 1973 ; Keating & Bai, 1986 ; Griffi n & Langlois, 2006 ; Antonakis & Dalgas, 2009 ; Vannatta, et al ., 2009 ). For example, Keating and Bai (1986 ) reported that children form attributions of social dominance based on facial cues. They found that children between 4 and 7 years of age and adults perceived faces with lowered brows and/or without smiles (i.e., an inverted U-shaped mouth) as more dominant. Antonakis and Dalgas (2009 ) found that children ages 5 to 13 years used adult-like criteria to judge competence based on facial appearance.
The limitations of the present work should be noted. First, consistent with previous studies, facial attractiveness played an important role in the trustworthiness judgments of unfamiliar individuals during initial interactions. However, it is not clear to what extent the beauty-is-trustworthy heuristic remains true in trustworthiness judgments of familiar individuals. Additional studies are needed to ascertain the facial cues used to determine trustworthiness and to generalize the present fi ndings. Second, in the present study, all of the participants rated trustworthiness fi rst and then attractiveness based on the appearance of faces that were presented in a fi xed order. Although these assessments occurred 1 mo. apart, the results may have been infl uenced by order eff ects. The next step for research should be to further explore the relationships between facial trustworthiness and attractiveness judgments. Finally, a potential limitation is that the related facial features seemed unstable, creating a discrete impression of the original data as data-dependent in the present study. Consequently, the present fi ndings need to be further confi rmed by expanding the number of participants and including other research techniques, such as an eye-tracking system. Overall, the present study provided a comprehensive overview that demonstrates that trustworthiness judgments of faces develop with age.
